We present a multi-polytrope approach to describe high-mass twins fulfilling chiral effective field theory estimations of the neutron star equation state and test it against the appearance of mixed phases at the hadron-quark interface. In addition, we discuss astrophysical applications of this method and expected future measurements that shall further constrain neutron star matter and the understanding of the QCD phase diagram.
INTRODUCTION
Neutron stars (NS) are superdense compact objects with central densities of the order of several times the nuclear saturation density 0 = 0.15fm −3 , the mean density of atomic nuclei. Hence, exotic states of matter could exist in the interior of NSs. The elucidation of the interior composition of compact stars is of special importance when considering the QCD phase diagram. In case of a strong firstorder phase transition from hadronic matter into any type of exotic matter, like quark deconfinement, the so-called High the hyperon puzzle (D. .
Moreover, HMTs lead to prediction of various astrophysical phenomena like energetic emissions that can potentially be detected. Furthermore, the recently detected gravitational wave emissions from the fusion of compact objects in binaries brings up the possibility of probing neutron star interiors.
In this respect, NS-NS-merger calculations as performed, e.g., in (Bauswein, Stergioulas, & Janka, 2014; Hanauske et al., 2017) represent an important tool for understanding these mergers.
The aim of this work is to show that within the multi- The first necessary criterion for HMTs to appear is the so called Seidov constraint (Seidov, 1971 ): that will lead to an instability in the M-R relation of compact stars. Within our multipolytrope description this can be easily achieved by defining one of the polytropes as a constant pressure region with = crit with a jump in energy density Δ at the critical energy density crit due to the strong first order phase transition. The second necessary condition is that the EoS at high densities is stiff enough to prevent gravitational collapse and at the same time does not violate the causality constraint for the speed of sound < .
The corresponding star sequences are obtained by solving the Tolman-Volkoff-Oppenheimer (TOV) equations that describe a static, non-rotating, spherically symmetric star (Oppenheimer & Volkoff, 1939; Tolman, 1939 )
and by considering ( = ) = 0 and = ( = 0)
as boundary conditions for a compact star with mass and radius , respectively.
By increasing the chosen central pressure up to a value for which the maximum mass is reached, the complete compact star sequence is determined. Furthermore, the enclosed baryonic mass can be obtained by integrating
This quantity is of particular importance because it plays an important role in the dynamics of compact star evolution scenarios, like mass gain by accretion leading to a transition from a pure hadronic star into a hybrid star configuration (Bejger, Blaschke, Haensel, Zdunik, & Fortin, 2017) . In addition, a pure hadronic star whose central density is near the phase transition value could spin down into the hybrid twin configuration, a process expected to conserve the baryonic mass. 
HIGH MASS TWINS WITH MIXED PHASE FORMATION
where ℎ ( ) and ( ) are the energy densities in the hadronic and quark matter phases, respectively. The resulting EoS are presented in figure 1 where the parameter Γ determines the strength of the mix. The net effect is both smoothing the phase transition plateau with a non-zero slope resembling the Γ 2 ≠ 0 multipolytrope case (see (Read, Lackey, Owen, & Friedman, 2009; Zdunik, Bejger, Haensel, & Gourgoulhon, 2006)] for examples of such configurations). Panel (c) of Figure 2 shows the high-mass part of the corresponding mass-radius sequences for the mixed phase parameters of table 1. One interesting effect of the mixed phase is the lowering of the speed of sound (panel (c)) at the critical density and resulting in a lowering of the maximum mass of the second branch.
As a result, the baryonic mass difference for the twins is also reduced (see panel (d) in figure 2 ). 
CONCLUSIONS
The multi-polytrope approach to the HMTs proves to be an effective tool for exploring the compact star EoS through & Ayriyan, 2014; Raithel,Özel, & Psaltis, 2016 . In addition, the recently deployed NICER detector is expected to measure the NS radius to an accuracy of 5% for the first three NS candidates, therefore being potentially able to elucidate HMTs. Moreover, gravitational wave signals from NS-NS mergers have been already studied in (Hanauske et al., 2017) by using a multi-polytrope description with generic temperature addition but so far not including the HMTs case. The observation of such events by advanced LIGO is expected soon. Further work in this direction is a natural step for testing the compact star EoS and for exploring the QCD phase diagram. The resulting study will serve as a guide for future gravitational signal detection of this process in interferometers like advanced LIGO or VIRGO. Last but not least, the SKA array in the southern hemisphere will gather pulsar data that shall constrain NS moments of inertia, masses and rotational values, all of them important quantities in the study of the NS EoS.
